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(71) We, The A.P.V. Company LiMrreo, 
a British Company, of Manor Royal, Craw- 
ley, Sussex, do hereby declare the invention, 
for which we pray that a patent may be 
5 granted to us. and the method by which it 
is to be performed, to be particularly de- 
scribed m and by the following state- 
ment:— 

THIS INVENTION relates to the con- 
10 centration of liquids and more particularly 
to apparatus for concentrating liquids by 
a process of reverse osmosis. 

The principle of xeverse osmosis is based 
on the application to a solution of a pres- 
IS sure hig^r than the osmotic pressure so 
that the solvent is forced trough a per- 
meable membrane leaving beMnd a more 
concentrated solution. The concentration 
of heat labile liquids by reverse osmosis 
30 has the advantage that the operation takes 
place at ambient temperature so that no 
deterioration of product quality can occur 
because of thermal degradation. In any 
apparatus designed for practicing this i^o- 
25 cess industrially the following requirements 
must be borne in mind: — 
1. The equipment must be capable of 
withstanding the high pressures assoc- 
iated with reverse osmosis which may 
amount to IJOOO to 2,000 pounds per 
square inch (say 70 to 140 kg per 
square cm,). 

Because of the separation of solvents 
and solute which occurs at the mem- 
brane surface, polarisation occurs due 
to the localised c<moentration of liquid 
which reduces the effectiveness of the 
membrane. It is therefore necessary 
to induce liquid turbulence at the mem- 
brane surface in order to prevent this 
polarisation taking place. 
The concentration ratio expressed as 
the ratio of total solids in the concen- 
trated product to per centage of total 
solids in the feed is limited in any one 
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stage of reverse osmosis so that to 
achive high concentration ratios it is 
necessary for two or more stages to 
operate in series. 

4. It is necessary for the membrane to 90 
be backed by a porous material through 
which the solvent can exude and in 
order to minimise the risk of the fragile 
membrane being broken, it is comm<m 
practice to interpose a soft material 55 
such as a filter paper between the mem- 
brane and the porous backing. 

5. Because of the fragility of the mem- 
brane and the complexity of the assem- 
bly it is necessary for operational 60 
reasons for the plant to be designed in 

a way that it can easily be assembled 
and dismantled for the purposes of 
membrane replacement. 

It is an object of the invention to provide 65 
apparatus meeting the criteria set forth. 

In accordance with the invention, app- 
aratus for concentrating feed liquids by 
reverse osmosis comprises a plurality of 
reverse osmosis units mounted m a frame, 70 
each unit comprising a porous element for 
removing solvent withdrawn from the feed 
liquid, a membrane at each side of the 
porous element, feed liquid flow passages 
defiuied between the membranes and gas- 
keted plate elements mounted in the frame, 
at least one sealed liquid ilow port through 
the porous element to interconnect the 
flow passages on either side of the porous 
element, the plate elements having aper- 80 
fures for interconnecting the adjacent flow 
passages in one unit with a flow passage 
in an adjacent unit and each plate ele- 
ment having formations thereon for induc- 
ing turbulence to prevent polarisation at 85 
the membrane surface. 

Each plate element may be provided 
with a pair of apertures aligned with cor- 
lespondmg apertures in the other plate 
elements to define mlet or outlet ports for 90 
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the flow passages, A group of flow pas- 
sages may be arranged in parallel between 
the inlet and outlet ports of the associated 
plate elements and a succeeding group of 
J flow passages may be in series with the 
said group and also in parallel with each 
other across the associated inlet and outlet 
ports. 

The porous element may have a soft mat- 
10 eriai such as filter paper, inserted between 
itself and the membrane on each side. 

The frame used may comprise a top car- 
rying bar and a lower guide bar for the 
plate elements and units, the bars extending 
15 between a head unit and an end support, 
and the assembly of plate elements and re- 
verse osmosis units may be clamped to- 
gether between the head unit and a clamp- 
ing unit mounted on the top and bottom 
20 bars and connected to the head unit by 
tie bars. 

The invention will be further described 
with reference to Figures 1 to 5 and 8 to 10 
ol the drawings accompanyuig the Provis- 
25 ional Specification in which:— 

Figure I is a diagrammatic elevation of 
a form of frame suitable for holding a 
preformed form of reverse osmosis appar- 
atus according to the invention; 
30 Figure 2 is an exploded, diagrammatic 
perspective view showing some details of 
part of the apparatus used in Figure 1; 

Figure 3 is a partial section on the line 
IIMII of Figure 2 showing the structure of 
35 the reverse osmosis units: 

Figure 4 is a partial section on the line 
IV-IV of Figure 2 showing further features 
of the structure of the reverse osmosis 
units; 

40 Figure 5 is a scrap view of a detail of 

two adjacent units: 
Figure 8 is an enlarged elevational view of 

one comer of a plate showing a support 

and sealing detail; 
45 Figure 9 is a section on the line IX-IX 

of Figure 8 also including a portion of an 

adjacent reverse osmosis unit; 

and 

Figure 10 is a diagram showing one pos- 

50 sible flow arrangement 

Figure 1 shows a typical frame which 
may be used for assembly of the apparatus. 
It comprises a head member 1. an end sup- 
port 2, a top bar 3, a bottom bar 4 and a 

55 clamp member 5 which is slidablc on the 
top and bottom bars. A pack, generally 
designated 6, of plates and reverse osmosis 
units is clamped between the clamp mem- 
ber 5 and the head member 1, and the 

60 closed position of the frame is maintained 
by tie bars 7 extending between the head 
member 1 and the clamp member 5 outside 
the pack 6. A liquid connection 8 is pro- 
vided in the head member and a liquid 

65 connection 9 is provided on the clamp 



member. A tray 10 is located beneath the 
pack, and is provided with an outlet sump 
11, This tray 10 collects the solvent which 
is forced out of the reverse osmosis unit 
to the outside of the pack 6, where it falls 70 
by gravity into the tray and is led away 
through the sump 11. 

Figure 2 shows how the pack 6 includes 
plates 12 provided with apertures 13 and 
]3a aligned with corresponding aperatures 75 . 
in other plates, and it can be seen from 
Figure 3 in particular how each pair of 
adjacent plates 12 define between them a 
reverse osmosis unit. A porous element 
14 has on either side of it a soft supporting 80 
sheet 15, and beyond that, on either side 
there is a permeable membrane 16. These, 
five elements are mounted together in sup- 
ports shown in somewhat exaggerated form 
at 17 in Figure 2 and the assembly, unit or ^ 
module comprising these elements is clip- 
ped together by spring clips shown at 18 
which engage on lugs on the supports, the 
lugs extending beyond the boundary of the 
plates 12. Figure 5 illustrates how the ^ 
spring clips 18 on alternate units or mod- 
ules are attached to lugs extending in dif- 
ferent directions so as to prevent the clips 
18 fouling one another when the pack of 
units and plates is clamped together. 95 

The plates 12 are preferably made of 
stainless steel rr other corrosion resistant 
material and are provided with peripheral 
gaskets 19 held in position by strips 20 spot 
welded or otherwise attached to the plate. 100 
It can also be seen from Figure 2 that the 
plates 12 are provided with flow controlling 
baffles 21 which provide for a serpentine 
flow of the liquid over the plates between 
the aperatures 13 and 13a and also the 105 
plates are provided with undulations or 
corrugations 22 which extend quite close to 
the membranes 16 on either side of the 
plate so that as the liquid flows across the 
corrugations 22, considerable turbulence is 
induced and polarisation at the membrane 
surface is substantially eliminated. The 
gaskets 19, backed by the strip 20, seal the, 
space between the plate and the unit against 
the internal pressure. 115 

In the preferred arrangement illustrated, 
the reverse osmosis units or modules are 
also provided with apertures 23 and 24 in 
alignment with the apertures 13 and \2a 
in the plates. In order to prevent the 120 
soluti-n by-passing the membrane and pass- 
ing straight into the porous clement 14, 
it is necessary to seal the membrane around 
the periphery of the apertures 23 and 24, 
This may be achieved by heat sealing the 125 
membranes on either side of the porous 
plates together around the aperture, as is 
sh-^wn at' 25 in Figure 4. 

As an alternative to heat sealing around 
the port, leakage at this point may be 1.30 
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prevented by firmly compressing the mem- 
brane 16 against the soft supporting sheet 
15 around the port periphery. 

Such a construction is shown in Figures 
5 8 and 9. In this arrangement, two rings 
30 are welded, one to either side of the plate 
12, around the periphery of the aperture 
13 (or 13(7). These rings have a series 
of radial slots 31 which provide commun- 
10 ication between the aperture and the flow 
passages, and the upper surfaces of these 
rmgs cooperate with gaskets 32 which pass 
over the edges of the apertures in the re- 
verse osmosis units. These gaskets 32 seal 
15 the membrane against cross leakage, and 
the rings 31 compress them to ensure that 
the seal is maintained in operation. 

Figure 10 illustrates the flow arrangement 
in a typical two-stage assembly. The feed 
20 hqmd is fed in at the pomt Fl. which may 
for instance be constituted by the connection 

8 which is aligned with the apertures 13 
and 23. A series of flow passages in series 
are illustrated at 34. and the aperatures 

25 13a and 24 m the associated plates and 
units are illustrated at F2 to form a dis- 
charge port for the first stage. This is 
aligned with the feed port for the second 
stage, and the ports 13 and 23 then con- 

30 stitute a discharge port for the second stage 
which leads to the output connection Pi, 
which may be constituted by the connection 

9 of Figure 1. It can be seen that this 
type of arrangement is achieved by omit- 

35 tng a port, here shown as the port 13 or 
23 m the fifth plate. The solvent which 
is extracted by the reverse osmosis flows 
into and through the porous elements in 
the unit, and is collected on the outside of 

40 the unit in the tray 10. 

It will be appreciated that while Figure 

10 shows only a two-stage system, any 
number of stages could be arranged in 
series, with the possible interposition of 

45 further pumps to maintain the high pres- 
sures necessary for the reverse osmosis pro^ 
cess. ^ 

^ Further, it is possible by suitable blank- 
ing off of ports to arrange for a large 

ou number of flow passages to be arranad 
in senes. without any parallel arrangement 
being provided. The only sealing neces- 
sary IS in the passage through the apertures 
to ensure that the feed liquid cannot short 

55 circuit into the porous members. 

Various other modifications may be 

"^/^rYi?^'^^^^ ^^P« 0^ *e invention. 
WHAT WE CLAIM IS:-^ 

1. ^'.^ Apparatus for concentrating feed 
w liquids by reverse osmosis, comprising a 
plurality of reverse osmesis units mounted 
in a frame, each unit comprising a porous 
element for removing solvent withdrawn 

65 Iw^nf fi,^''''^ ^'^^'^f ^ membrane at each 
o:> side of the porous element, feed liquid flow 



passages defined between the membranes 
^ gasketed plate elements mounted in 
the frame, at least one sealed liquid flow 
port through the porous element to inter- 
connect the flow passages on either side of 70 
pe porous element, the plate elements 
haying apertures for mterconnecting the 
adjacent flow passages in one unit with a 
flow passage in an adjacent unit and each 
plate element having formations thereon 75 
for inducing turbulence to prevent polar- 
isation at the membrane surface. 

2. Apparatus as claimed in Claim 1, 
m which inlet and outlet ports for the units 
are defined by aligned apertures in the 80 
plates and units. 

3. Apparatus as claimed in Claim 2. 
in which a group of flow passages are ar- 
ranged in parallel between the inlet and 
outlet ports. 35 

4. Apparatus as claimed in Qaim 3, 
in which a further group of flow passages 
are in parallel with each other and in series 
with the said group of flow passages. 

5. Apparatus as claimed in any of the 90 
preceding Claims, in which soft material, 
such as filter paper, is inserted between the 
porous elements and the membranes. 

6. Apparatus as claimed in any of the 
preceding Claims, in which the frame 95 
comprises a top carrying bar and a lower 
guide bar for the plate elements and units, 
the bars extending between a head unit and 

an end support and the assembly of plate 
elements and reverse osmosis units being 100 
clamped together between the head unit 
and a clamping unit mounted on the top 
and bottom bars and connected to the head 
unit by tie bars. 

7. Apparatus as claimed in any of 105 
the preceding Qaims. in which the com- 
ponents of the units are mounted in sup- 
ports which are clamped together. 

8. Apparatus as claimed in Claim 7. 

in which the supports have lugs projecting 110 
beyond the perimeters of the plate elements 
and the lugs are secured together. 

9. Apparatus as claimed in Claim 8, 
in which the lugs on adjacent units project 

at non-aligned locations. 115 

10. Apparatus as claimed in any of the 
preceding Gaims, in which the plate ele- 
ments are provided with corrugations to 
induce turbulence, 

11. Apparatus as claimed in any of the 120 
preceding Qaims, in which the olate ele- 
ments are provided with flow control baffles 

to constrain the liquid to follow a serpen- 
tine path along the flow passages. 

12. Apparatus as claimed in any of the 125 
preceding Claims, in which the membranes 

on each side of porous elements are heat 
sealed together in the region of the flow 
ports through the porous elements, 

13. Apparatus as claimed in any of 130 
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Claims 1 to 11. in which gasket elements 1 to 5 and 8 to 10 of the drawlnffl accMn- 10 

are located in the flow ports through the panying the Provisional Specification, 

porous elements and axe compressed and madvc a ri vnr 

5 SJts'' means on the plate c^^^^^ts 

M Apparatus for comiecting feed liquids 57 & 58 Linens Inn Fields, 

by reverse osmosis, substantially as here- .u r"!ir«/.% 

tobrfow desaibed with reference to Figures Agents for the applicant(s) 

Wnted tor Her Majwtys Stationery Office by Hie Tweeddale Prw 1^ B«j<«ck-^^^^^ 

fa^ed at tbe Patent Office, 25 Southa^m^ BmWii^ tOTdon WC2A lAY from wnicn copi» 
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